Summary: We modified the Hyland Ammonia kit for plasma to measure blood ammonia from which the erythrocyte ammonia is caJculated. Our modified method gave good recoveries and its precision based on replicate assays was excellent (CV < 3.0%). The within«day and day-to-day precision was determined from pooled blood and aqueous ammonia sölution respectively. The precision caJculated from duplicate results was not äs good but agreed with other published values.
eluted from the resin with 4 mol/1 NaCl. It is quantitated by reacting it with phenol and hypochlorite in the presence of sodium nitro-ferricyanide (Berthelot reaction) to form a stable, dark-blue, indophenol complex.
In the quest for a better assessment of portosystemic encephalopathy, our initial investigations indicated the usefulness of erythrocyte ammonia in comparison to plasma ammonia, We therefore ciritically examined the Hyland kit for its possible adaption to the measurement of blood ammonia from which the erythrocyte ammonia concentration is derived.
results from 47 healthy people, the precision of the measurement of plasma, blood and erythrocyte ammonia was determined s suggested by Henry & Dryer (3) .
Resin efficiency
When an ammonia solution (100 μηιοΐ/ΐ) is«arried through the Hyland kit procedure and cpmpared to another ammonia solution of similar concentration in the presence of 4 moi/1 Nad and "dry" resin (liquid removed from resin slurry), the efficiency of the resin to adsorb ammonia in the first .tube can be determined. In the second tube the ammonia is not adsorbed by the resin owing to the NaCl and is measured totally. The effects of resin and 4 m l/1 NaCl on the development of the Berthelot reaction were investigated.
Materials and Methods 20 ml of venous blood was drawn from the ante cubital vein, without stasis, into plastic syringes. Heparin was not used. The blood was transferred without air bubbles into vacutainer tubes containing EDTA (Becton-Dickinson, Rutherford, New Jersey 07070, U.S.A.) and placed on ice immediately. A portion of the blood was used fV>r the measurement of the packed cell volume. Plasma was separated following centrifugation at 2000 g for 10 min at 0 °C. The estimation of plasma and blood ammonia was done within 30 min after blood collection. If this was not possible, 1.0 ml of the specimens in duplicate were snap frozen in acetone-dry ice and stored at -20 °C. Ammonia was measured using the commercially available Hyland Ammonia Test kit (1) . For the measurement of blood ammonia a dilution of l in 4 using ammonia-free water was made while for plasma the dilution was l in 3 s recommended by the manufacturer. After the addition of the resin, the tubes containing blood were washed four times instead of thrice s is done for plasma.
Experimental
Blood ammonia and recovery study The suitability of blood for the measurement of ammonia was investigated by comparing varying dilutions of blood and their ability to recover a known concentration of ammonia (100 Atmol/1). The procedure was s follows: One m litre of ammonia solution (100 μηιοΐ/ΐ) was added to each of flve tubes containing between l and 5 ml of ammonia-free water, followed by 1.0 ml of blood into each tube. This gave dilutions of blood ranging from l in 3 to l in 7. Resin was added to each tube and the ammonia quantitated using ammonia Standards similarly diluted.
Erythrocyte ammonia
The erythrocyte ammonia concentration is calculated from the following equation (2):
Precision Due to problems associated with specimen instability, the day-today precision study on blood ammonia was not possible. This was however carried out using aqueous ammonia solution. The within-day precision for blood ammonia was done on expired blood from the blood bank on 3 occasions. Using duplicate
Specimen stab ity
Blood ammonia has been shown to be stable for at least 8 days when stored at -20 °C (4). It is d ring thawing tftat blood ihay become unstable and this was investigated by thawing blood and plasma specimens in a water bath at room temperature (about 23 °C) and at 37 °C for varying lengths of time.
Results and Discussion

Blood ammonia and recovery study
The recovery of ammonia from the vafious dilutions of blood is shown in table 1. Although the best reeovery (mean) was at the dilution of l in 3, the sm llest difference between recovery was at the l in 4 diiution. This dilution was therefore used for the assay of blood ammonia s it gave the best precision. It would appear that the method is suitable for the measurement of ammonia in blood and that blood did not interfere iri the assay. The accuracy in the measurement <g blood ammonia cannot be properly assessed s there are no appropriate reference methods or reference rnaterial. An indirect approach to accuraey assessment is through recovery studies. At the recommended blood dilution of l in 4, the recovery of ammonia ranged from 95-104%, mean 99% (t b. 1). According to the criterion ofLogan (5), this is acceptable s no single recoveiy was less than 85% or more than 115%.
Additional recovery experiments to include normal and elevated rrimonia levels showed that the recoverie^ were 90% and 92% for 35 μπιοΐ/ΐ and 200 μπιοΐ/ΐ ammonia concentrations respectively. The recoveries re the mean values of triplicate assays. 
Precision
The day-to-day precision for the measurement of aqueous ammonia solution (107 μιηοΐ/ΐ) had a CV of 2.8% (tab. 2) which was superior to that reported by Hyland (1). The within-day precision for the three blood samples was also excellent, averaging a CV of 2.6%.. Based on the duplicate assays, the precision (95% limits) for the measurement of plasma, blood and erythrocyte ammonia in the respective reference ranges is shown in table 3 . These values reflect the total precision of the assay which is the within-day and day-to-day precision. The precision thus determined was generally poor, especially for erythrocyte ammonia which is derived from the plasma and blood ammonia concentrations. Our CV for plasma ammonia is 7.8% compared with 8.4% reported by Gerron et al. (6) . In both studies the CV was derived from duplicate fesults. 
Resin efficiency
The Hyland procedure measured 78% of the ammonia through resin adsorption. When the que s solution in contact with the resin was assayed, the rema ng 22% of ammonia was recovered. Thus the resin efficiency is abo t 78%. To achleve "accuracy" in the measurement of ammonia by the Hyland procedure, the test samples (plasma or blood) and the ammonia Standard are carried out under similar assay conditions.
Resin affected the Berthelot reaction by suppressing it 16%. This was shown by comparing the reaction on an ammonia solution (100 μπιοΐ/ΐ) prepared in 4 mol/1 NaCl with and without resin. The resin was in the "dry" form. Measurement of the supernatant from the tube containing resin showed no adsorption of the ammonia onto the resin and that the 16% suppression was entirely owing to the resin. A second factor affecting the Berthelot reaction was the presence of 4 mol/1 NaCl. Ammonia solution developed with and without 4 mol/1 NaCl, in the absence of resin, showed an increase of about 11 % in colour caused by the NaCl. In the study ofOberholzer et al. (7), which did not take into account the effect of resin on the Berthelot reaction, the resin efficiency averaged 63%. Under similar conditions our figure was 64%. However, if the effects of the resin and 4 mol/1 NaCl are considered, the resin efficiency is 78%. This is the maximum resin efficiency in the Hyland method in our hands. It is important therefore that any study on resin efficiency should consider these factors which are not generally appreciated.
Specimen stabttity
Blood when thawed at room temperature showed an average increase in ammonia concentration of about 4% by 8 min while at 37 °C it averaged a 7.4% increase by l min. Plasma ammonia was less affected generally at the two thawing temperatures.
Frozen blood specimen is unstable during the thawing process because considerable time is required for proper thawing before it can be sampled for the assay. To overcome this problem, blood was accurately dispensed into 1.0 ml portions and frozen. The assay can then be carried out at a convenient t ne by adding the water and resin t the frozen specimen. Thus there is minimal delay in thawing and this is the most effective way to measure ammonia in frozen specimens.
Reference r nge
The reference r nge of 47 normal hospital employees (22 men and 25 women) for erythrocyte ammonia was 14.5-46.1 (mean 30.1; SD 7.9) Atmol/l. There was no significant sex-related difference (unpaired f-test).
General comments
In a preliminary study, plasma and erythrocyte ammonia concentrations were measured in a group of patients with liver disease. Patients with clinical evidence of portosystemic encephalopathy had significantly elevated plasma and erythrocyte ammonia s compared to those with no evidence of portosystemic encephalopathy. Forty-two percent of the patients with portosystemic encephalopathy had plasma ammonia levels in the same r nge s the non-portosystemic encephalopathy patients but with erythrocyte ammonia no overlapping values were noted. Thus it would appear that plasma ammonia is a less reliable discriminator of portosystemic encephalopythy but that erythrocyte ammonia is a better biochemical index of portosystemic encephalopathy.
